Background: Frailty predicts dependence and mortality, and is an important health indicator for aging populations. Comparing frailty prevalence between populations of the same ethnicity but different socioeconomic, lifestyle, health and social care systems, and environmental characteristics would address the role of these factors in contributing to frailty. Methods: We compare frailty prevalence and contributory factors across three Chinese populations: Beijing rural, Beijing urban, and Hong Kong (urban). Older people aged 65 years and above living in the community were invited to respond to a general health questionnaire covering demographic, socioeconomic, medical and drug histories, geriatric syndromes, assessment of physical and cognitive functioning, psychological wellbeing and nutritional status. Frailty is defined as an index calculated from multiple deficits > = 0.25 (FI). The ratio of FI/life expectancy at birth was used as an indicator of compression of morbidity. Risk factors and attributable fraction for frailty were compared across the three cohorts. Results: The prevalence of frailty increases with age in all three cohorts, and was lower among rural compared with urban (Beijing and Hong Kong) populations. The highest FI/LE ratio was observed in the Beijing urban population, followed by Hong Kong, with the Beijing rural population having the lowest ratio. Risk factors for frailty were similar in all three populations. Those having the highest ORs were multi-morbidity (number of diseases > = 3), polypharmacy (number of drugs > = 4), age 85+, female gender, followed by low education level, and physical inactivity. For all three cohorts, age and multi-morbidity constitute the highest attributable fraction, and were highest in the Beijing rural cohort. A major difference between the Beijing and Hong Kong cohorts is the high AF from polypharmacy in Beijing and the 'protective' contribution of being married; and the effect of being a teetotaler in the Hong Kong cohort. Conclusions: This comparison draws attention to the importance of frailty prevention for ageing populations.
Background
Population ageing is a world-wide phenomenon, for developing as well as developed countries. Chinese men and women living in Hong Kong (a Special Administrative Region of China) have the longest life expectancy in the world second only to Japan. The population in mainland China is also ageing rapidly, the increase in life expectancy being higher in urban compared with rural areas. With such demographic changes public health attention has been directed towards non communicable diseases and disability. Although increasing life expectancy is a result of improving socioeconomic status as well as healthcare, there is a suggestion in many countries that life expectancy increase is accompanied by increasing multi-morbidity and disability [1] . The latter are preceded by frailty, a state representing decline in functional reserves (both physical and cognitive), and results in adverse outcomes and 'societal burden'. Frailty is a geriatric syndrome that is manifested as a result of multisystem impairments that predisposes to disability, morbidity, dependence and institutionalization [2, 3] . Frailty may be assessed using the phenotype approach consisting of five items, while a second approach counts the number of things that people have wrong with them rather than specific items, to calculate and index that represents cumulative deficits [4] . An ideal goal would be increase in life expectancy without increasing frailty. Therefore frailty may be considered a pertinent public health indicator for how well populations are aging, in addition to the more traditional indicators such as multi-morbidity and disability. A recent survey of frailty prevalence in low-and middleincome countries as part of the 10/66 population-based cohort study documented frailty as a relevant construct that predicts dependence and mortality [5] .
There are few studies comparing frailty prevalence between populations. Such between population studies would enable examination of the role of personal, environmental, and health/social care systems in contributing to frailty, although it is known that they all contribute to life expectancy. Comparison across populations with differing characteristics, but the same ethnicity, would allow these contributors to be defined independent of any ethnic differences in predisposition to frailty. In this study we compare frailty prevalence and contributory factors across three Chinese populations: Beijing rural, Beijing urban, and Hong Kong (urban). There are environmental differences between Beijing and Hong Kong, most notably in air pollution, climate, food and water quality. The health and social care systems between Beijing and Hong Kong also differ, the key being an essentially free secondary/tertiary health care system and well developed social services in Hong Kong financed by taxation. However both regions have poorly developed primary care which largely relies on out of pocket expenses. Table 1 ]. The FI is calculated as the number of items that represent a deficit divided by the total number of items. A cut point of > = 0.25 was used to indicate frailty [4] . Previous studies in China and Hong Kong have examined frailty prevalence using the FI, and shown that frailty is associated with increased use of hospital services and mortality [10] [11] [12] , and influenced by social determinants [13] . In order to examine factors that may contribute to frailty that are common to both datasets, we selected items relating to chronic diseases and geriatric syndromes, medication, and lifestyle variables, as these have been shown to be associated with frailty [13] [14] [15] . While there may appear to be duplication of items in Table 1 , such as dementia and memory loss, deafness and hearing loss etc., they represent deficits from different perspectives, since diagnosis of chronic diseases by doctors may differ from the list of geriatric syndromes. For example memory deficit may not equate with a diagnosis of dementia, while hearing loss may be due to wax in the external auditory meatus rather than a medical diagnosis of deafness. We also examined the construct of multi morbidity, by using the variable of the total number of chronic diseases (listed in Table 1 ) that are greater than or equal to three. This construct is increasingly important for aging populations worldwide, but may be distinguished from dependency and frailty by their different impact on health outcomes [16] .
We hypothesized that the ratio of FI to life expectancy at birth (FI/LE) may be used as indicator of compression of morbidity for comparison between the three cohorts, lower values representing compression of morbidity with low FI and high LE. The life expectancy in 2014 for China is 73.1 for men and 77.4 for women [17] ; for Hong Kong is 81.2 for men and 86.7 for women [18] . In both sites, interviews and measurements were done by trained research staffs. Study quality was supervised by study coordinators. Data inconsistency and missing values were queried and resolved before the study close-out. All items for FI had less than 5 % missing values and were dichotomized into the presence or absence of a frailty marker.
Beijing rural and Hong Kong were standardized by age (5-year groups) to that of the Beijing urban population. Population characteristics of Beijing urban, Beijing rural and Hong Kong were compared using analysis of variance (ANOVA) for continuous variables or Chi square test for categorical variables. Analyses were repeated by stratifying age 65-74, 75-84 and 85 or above. Prevalence of frailty was analyzed by Chi square test. Difference of FI/LE were examined by ANOVA. Risk factors were compared between the three cohorts using crude Odds ratios (OR). Variables with P < 0.1 are included into multiple logistic regression with backward variable selection method. The attributable fractions (AF) for risk factors contributing to frailty were then compared. The AF was calculated using the formula AF = (OR-1)/OR. T tests were used for comparing mean continuous variables, log odds ratio of frailty and AUC in logistic regression. Chi square tests were used for comparing categorical variables. Statistical analyses were performed using the statistical package SAS, version 9.2 (SAS Institute, Inc., Cary, NC, USA). All statistical tests were two-sided. A P-value of <0.05 was considered statistically significant.
Results
The characteristics for the three populations (Beijing urban, Beijing rural, and Hong Kong are compared in Table 2 . There are differences in socioeconomic status, lifestyle, co morbidity, use of drugs, depressive symptoms and cognitive function between the three groups. Compared with the Beijing urban population, both the Beijing rural and Hong Kong men have lower education level, consume fewer drugs, have less depressive symptoms, and higher prevalence of cognitive impairment. The highest prevalence of being married occurred in Beijing urban men, followed by Hong Kong, and then Beijing rural men. Current smoking habit was commonest among Beijing rural men, followed by Beijing urban men, with the lowest prevalence among men in Hong Kong. More Hong Kong compared with Beijing men are married. The prevalence of current alcohol use was highest among Beijing rural men, while the prevalence for Beijing urban and Hong Kong were similar. Beijing urban and Hong Kong men were less active and had greater number of chronic diseases compared with Beijing rural men. A similar pattern was observed for women, with the following exceptions: Hong Kong women had the lowest prevalence of being currently married, the highest prevalence of living alone, and the highest prevalence of inactivity. These differences became less marked with successively older age groups (Tables 3, 4 and 5). The prevalence of frailty increases with age in all three cohorts, and was lower among rural compared with urban (Beijing and Hong Kong) populations (Table 6 ). Using the ratio of frailty index divided by life expectancy as an indicator of compression of morbidity (FI/LE), the highest ratio was observed in the Beijing urban population, followed by Hong Kong, with the Beijing rural population having the lowest ratios (Table 7) . Risk factors for frailty were similar in all three populations. Those having the highest ORs were multi-morbidity (number of diseases > =3), polypharmacy (number of drugs > =4), age 85+, female gender, followed by low education level, and physical inactivity. Living alone was a risk factor for the Beijing urban and Hong Kong cohorts but not for the rural cohort. Paradoxically smoking was associated with lower risk of frailty in the two Beijing cohorts, while current alcohol use was associated with reduced risk of frailty in all three cohorts (Table 8 ). In the multiple logistic model, variations in ORs and their magnitude were noted between the three cohorts. The highest ORs occurred in the Beijing rural cohort, for the following risk factors: age 85+, multi-morbidity, and polypharmacy. For the Beijing urban cohort, a similar pattern was observed, although the magnitude of ORs were lower compared with the rural cohort. For Hong Kong the highest OR was multimorbidity, being more than double the magnitude for the Beijing urban cohort. Low education level remained as significant risk factor only in the Hong Kong cohort, while current alcohol use was associated with a lower risk of frailty. For both the Beijing cohorts, these risk factors did not remain in the model; however being currently married were associated with (2) reduced risk of frailty for both Beijing urban and rural cohorts ( Table 9 ). The estimated attributable fraction (AF) for these risk factors are shown in Table 10 . For all three cohorts, age and multimorbidity constitute the highest attributable fraction, and were highest in the Beijing rural cohort. A major difference between the Beijing and Hong Kong cohorts is the high AF from polypharmacy in Beijing and the 'protective' contribution of being married; and the effect of being a teetotaler in the Hong Kong cohort.
Discussion
The findings support the concept of FI as an indicator of biological age of based on a count of accumulated deficits, using a mathematical concept to represent aging of complex organisms, facilitating inter-population comparisons where exactly the same variables may not be available and allowing identification of factors contributing to healthy ageing or compression of morbidity. The use of FI as a public health indicator also has advantages in monitoring trends in changes of frailty with time, and also enables studies of the rate of change in (2) frailty with time in the same cohorts. It also allows quick comparison of compression of morbidity between populations, by estimating the FI/Life expectancy ratio, which would have important implications for the planning of health and social services. This approach is fundamentally different from the use of the frailty phenotype [19] in measuring frailty in the clinical scenario, which does not include disability, as the phenotype represents a state of reduced capacity to respond to stressors that proceeds disability [4, 20] . Thus for both the Hong Kong and Beijing cohorts, FI increases with age and is higher among women, and the prevalence for urban cohorts (Hong Kong and Beijing) are similar, and higher compared with the rural cohort. However there are differences in risk factors and the attributable fraction to frailty, between the three cohorts. It is important to identify these differences as certain factor may be amenable to change. These include personal factors (socioeconomic, lifestyle) as well as differences in health and social care systems.
With respect to socioeconomic factors, the comparison shows that being married reduced the risk of frailty in both Beijing cohorts, while low education increases the risk for the Hong Kong population. The findings emphasize the importance of social support network as well as education in prevention of frailty. Although there were more current smokers in both Beijing urban and rural cohorts compared with Hong Kong, smoking was not an independent risk factor even though it is a well established risk factor for many chronic diseases, probably because multi-morbidity had been included as a model, and the survivor effect may be present. The role of alcohol may be explained by the fact that consumption is low among the older population, and may be a surrogate for social factors such as active participation in social networks and leisure activities. Being physically inactive is a risk factor in both urban, but not the rural population. This finding reaffirms the importance of physical activity in healthy aging and retarding the onset of frailty [21] . The relationship between smoking, alcohol use, physical inactivity and frailty may be bi-directional, in that frailty itself may result in avoidance of smoking, alcohol and physical inactivity.
Beijing and Hong Kong have different healthcare systems. Hong Kong government provides healthcare at low cost and is free for those who cannot afford the fees. In China, healthcare is not free at the point of access, and self payment for services is still dominant, in spite of recent introduction of medical insurance system. The items covered by insurance are limited and not all are insured. As a result the rural population may be disadvantaged. The low prevalence of multi-morbidity among the rural population may be a reflection of under reporting or under detection as a result of various financial and physical barriers to healthcare access. Under development of primary care in China results in overreliance on hospitals, specialists, and polypharmacy, and less strong preventive health measures [1] . This may explain the higher prevalence of polypharmacy among the Beijing urban compared with the Hong Kong cohort. Polypharmacy has been shown to be (2) one of the determinants of frailty [22] . The impact of healthcare systems on hospital admissions in relation to income and multimorbidity has been examined in detail by Wang et al. [23] .
Using the FI/LE ratio as an indicator of healthy aging and a predictor of demands on health and social care systems, the higher ratio for the Beijing urban population compared with Hong Kong suggests that population ageing in China is projected to be accompanied by increasing frailty, and that there is a need to focus on measures to reduce the frailty burden. The situation for the rural population is different: they have shorter life expectancy and also lower prevalence of frailty, resulting in the lowest frailty burden. The principal of survival of the fittest likely operates in rural communities. In future urbanization of these regions may result (2) in increasing frailty with increasing life expectancy if there are no changes to risk factor for frailty identified in this comparison.
There are limitations of this study. It is a secondary comparison of cohorts from mainland China and Hong Kong using two sets of data, rather than a simultaneous comparison at the same time point. There are many logistic problems to organizing such a large scale comparative study, and a secondary comparison with data harmonization is the most feasible option in addressing our research question. In the construction of the FI, the items included differ between Beijing and Hong Kong. Nevertheless the FI does cover a wide range of systems as recommended by Searle et al. [24] . Although more items can be included in the Hong Kong dataset, as has been previously reported (47 items) [25] , we used variables common or similar to both datasets in order to compare the factors associated with frailty in both locations to address the relative contribution of associated factors and their implications for health care planning. We were not able to carry out a detailed analysis of socioeconomic factors for the same reason, although the inclusion of more socioeconomic factors into the construct of the FI would be desirable in view of the concept of frailty incorporating social vulnerability [26] .
In spite of the increasing importance of frailty as a syndrome in ageing populations, the awareness and understanding of the implications for public health and primary care could be improved on, and it is hoped that this comparison will draw attention to the needs of ageing populations expressed as the concept of frailty in meeting future public health and primary care planning.
Conclusions
This comparison draws attention to the importance of frailty prevention for ageing populations. 
